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AIRFOIL SHAPE FOR A TURBINE BUCKET 
BACKGROUND OF THE INVENTION 

[0001] This invention was made with Government support 
under Contract No. DE-FC21-95MC31176 awarded by the 
Department of Energy. The Government has certain rxghts 
in this invention. 

[0002] The present invention relates to an airfoil for 
a bucket of a stage of a gas turbine and particularly 
relates to a fourth stage turbine bucket airfoil prof He. 

[0 003] Many system requirements must be met for each 
stage of the hot gas path section of a gas turbine in 
order to meet design goals including overall improved 
efficiency and airfoil loading. Particularly, the 

buckets of the fourth stage of the turbine section must 
meet the operating requirements for that particular stage 
and also be capable of efficient manufacture. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] in accordance with a preferred embodiment of the 
present invention there is provided a unique airfoxl 
shape for a bucket of a gas turbine, preferably the 
fourth stage bucket, that enhances the performance of the 
gas turbine. The airfoil shape hereof improves 

aerodynamic efficiency and fourth stage airfoxl 
aerodynamic and mechanical loading. The bucket airfoxl 
profile is defined by a unique loci of points to achieve 
the necessary efficiency and loading requirements whereby 
improved turbine performance is obtained. These unique 
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loci of points define the nominal airfoil profile and are 
identified by the X, Y and Z Cartesian coordinates of 
Table I which follows. The points for the coordinate 
values shown in Table I are relative to the turbine 
centerline and for a cold, i.e., room temperature bucket 
airfoil at various cross-sections along its length. The 
positive X, Y and Z directions are axially parallel to 
the turbine rotor centerline looking aft toward the 
turbine exhaust, tangentially in the direction of engine 
rotation looking aft and radially outwardly toward the 
bucket tip, respectively. The X and Y coordinates are 
given in distance dimensions, e.g., units of inches, and 
are joined smoothly at each Z location to form a smooth 
continuous airfoil cross-section. The Z coordinates are 
given in non-dimensionalized form from 0 to 1. By 
multiplying the airfoil height dimension, e.g., in 
inches, by the non-dimensional Z value of Table I, the 
airfoil shape, i.e., the profile, of the bucket is 
obtained. Each defined airfoil section in the X and Y 
plane is joined smoothly with adjacent airfoil sections 
in the Z direction to form the complete airfoil shape. 

[0005] It will be appreciated that as each bucket 

airfoil heats up in use, the profile will change as a 

result of stress and temperature. Thus, the cold or room 

temperature profile is given by the X, Y and Z 

coordinates for manufacturing purposes . Because a 

manufactured bucket airfoil profile may be different from 

the nominal airfoil profile given by the following table, 

a distance of plus or minus 0.150 inches from the nominal 

profile in a direction normal to any surface location 

along the nominal profile and which includes any coating 

process, defines a profile envelope for this bucket 
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airfoil. The airfoil shape is robust to this variation 
without impairment of the mechanical and aerodynamic 
functions of the bucket. 

[0006] It will also be appreciated that the airfoil can 
be scaled up or scaled down geometrically for 
introduction into similar turbine designs. Consequently, 
the X and Y coordinates in inches of the nominal airfoil 
profile given below may be a function of the same 
constant or number. That is, the X, Y coordinate values 
in inches may be multiplied or divided by the same 
constant or number to provide a scaled up or scaled down 
version of the bucket airfoil profile while retaining the 
airfoil section shape. Similarly, the Z coordinate 
value, when converted to inches, may remain the same or 
be multiplied by the same or a different number as the X 
and Y coordinate values for scalability. 

[0007] In a preferred embodiment according to the 
present invention, there is provided a turbine bucket 
including a bucket airfoil having an airfoil shape, the 
airfoil having a nominal profile substantially in 
accordance with Cartesian coordinate values of X, Y and Z 
set forth in Table I wherein the Z values are 
non-dimensional values from 0 to 1 convertible to Z 
distances in inches by multiplying the Z values by a 
height of the airfoil in inches, and wherein X and Y are 
distances in inches which, when connected by smooth 
continuing arcs, define airfoil profile sections at each 
distance Z, the profile sections at the Z distances being 
joined smoothly with one another to form a complete 
airfoil shape. 
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[0008] In a further preferred embodiment according to 
the present invention, there is provided a turbine bucket 
including a bucket airfoil having an uncoated nominal 
airfoil profile substantially in accordance with 
Cartesian coordinate values of X, Y and Z set forth in 
Table I wherein the Z values are non-dimensional values 
from 0 to 1 convertible to Z distances in inches by 
multiplying the Z values by a height of the airfoil in 
inches, and wherein X and Y are distances in inches 
which, when connected by smooth continuing arcs, define 
airfoil profile sections at each Z distance, the profile 
sections at the Z distances being joined smoothly with 
one another to form a complete airfoil shape, the X and Y 
values being scalable as a function of the same constant 
or number to provide a scaled-up or scaled-down airfoil. 

[0009] In a further preferred embodiment according to 
the present invention, there is provided a turbine 
comprising a turbine wheel having a plurality of buckets, 
each of the buckets including an airfoil having an 
airfoil shape, the airfoil having a nominal profile 
substantially in accordance with Cartesian coordinate 
values of X, Y and Z set forth in Table I wherein the Z 
values are non-dimensional values from 0 to 1 convertible 
to Z distances in inches by multiplying the Z values by a 
height of the airfoil in inches, and wherein X and Y are 
distances in inches which, when connected by smooth 
continuing arcs, define the airfoil profile sections at 
each distance Z, the profile sections at the Z distances 
being joined smoothly with one another to form a complete 
airfoil shape. 
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[0010] m a further preferred embodiment according to 
the present invention, there is provided a turbine 
comprising a turbine wheel having a plurality of buckets, 
each of the buckets including an airfoil having an 
uncoated nominal airfoil profile substantially on 
accordance with Cartesian coordinate values of X, Y and Z 
set forth in Table I wherein the Z values are 
non-dimensional values from 0 to 1 convertible to Z 
distances in inches by multiplying the Z values by a 
height of the airfoil in inches, and wherein X and Y are 
distances in inches which, when connected by smooth 
continuing arcs, define airfoil profile sections at each 
distance Z, the profile sections at the Z distances bexng 
joined smoothly with one another to form a complete 
airfoil shape, the X and Y distances being scalable as a 
function of the same constant or number to provide a 
scaled-up or scaled-down bucket airfoil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIGURE 1 is a schematic representation of a, hot 
gas path through multiple stages of a gas turbine and 
illustrates a fourth stage bucket airfoil according to a 
preferred embodiment of the present invention; 

[0012] FIGURE 2 is a view of the bucket looking 
radially inwardly from the tip shroud; 

[0013] FIGURES 3 and 4 are perspective views of the 
bucket hereof as viewed from 180° opposite angles; 
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[0014] FIGURE 5 is a side elevational view of the 
bucket as viewed from the suction side of the bucket 
airfoil; 

[0015] FIGURE 6 is a perspective view of the bucket 
viewed from the pressure and trailing edge sides of the 
bucket airfoil; 

[0016] FIGURES 7 and 8 are respective end elevational 
views of the bucket as viewed from the bucket airfoil 
trailing and leading edges, respectively; and 

[0017] FIGURE 9 is a representative illustration of a 
profile section of the bucket airfoil. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Referring now to the drawings, particularly to 
Figure 1, there is illustrated a hot gas path, generally 
designated 10, of a gas turbine 12 including a plurality 
of turbine stages. Four stages are illustrated. For 
example, the first stage comprises a plurality of 
circumf erentially spaced nozzles 14 and buckets 16. The 
nozzles are circumf erentially spaced one from the other 
and fixed about the axis of the rotor. The first stage 
buckets 16, of course, are mounted on a turbine rotor 
wheel 17. A second stage of the turbine 12 is also 
illustrated, including a plurality of circumf erentially 
spaced nozzles 18 and a plurality of circumf erentially 
spaced buckets 20 mounted on a turbine rotor wheel 19. 
The third stage includes a plurality of circumf erentially 
spaced nozzles 22 and buckets 24 mounted on a turbine 
rotor wheel 25. The fourth stage includes a plurality of 
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circumferentially spaced nozzles 26 and buckets 28 
mounted on a turbine rotor wheel 29. It will be 
appreciated that the nozzles and buckets lie in the hot 
gas path 10 of the turbine, the direction of flow of the 
hot gas through the hot gas path 10 being indicated by 
the arrow 30. The buckets and turbine wheels, as well as 
ancillary parts, form a turbine rotor 32. 

[0019] It will be appreciated that the buckets, for 
example, the buckets 28 of the fourth stage, are mounted 
on the associated rotor wheel, e.g., wheel 29, forming 
part of rotor 32. Each bucket, including the fourth 
stage buckets 28, are provided with an off -axis or skewed 
axial entry dovetail 34 (Figures 3 and 4) for connection 
with a complementary-shaped mating dovetail, not shown, 
on the associated rotor wheel. The bucket may, of 
course, have an axial entry dovetail. It will also be 
appreciated that each bucket 28 has a bucket airfoil 36, 
a platform 3 8 and a shank 40, as illustrated in Figures 
2-4. Thus, each of the buckets, e.g., buckets 28, has a 
bucket airfoil profile section 48, a representative 
example of which is illustrated in Figure 9, at any 
cross-section from the bucket root 42 to the bucket tip 
44 adjacent the tip shroud 46 in the shape of an airfoil. 
In this preferred embodiment of a fourth stage turbine 
bucket, there are eighty-eight (88) buckets. 

[0020] To define the airfoil shape of each fourth stage 

bucket airfoil 36, there is a unique set or loci of 

points in space that meet the stage requirements and 

enable the airfoil to be manufactured. This unique loci 

of points meets the requirements for stage efficiency and 

are arrived at by iteration between aerodynamic and 
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mechanical loadings enabling the turbine to run in an 
efficient, safe and smooth manner. The loci which 
defines the bucket airfoil profile comprises a set of 
points relative to the axis of rotation of the turbine. 
A Cartesian coordinate system of X, Y and Z values given 
in Table 1 below defines the profile of the bucket 
airfoil at various locations along its length. The 
coordinate values for . the X and Y coordinates are set 
forth in inches in Table I although other units of 
dimensions may be used when the values are appropriately 
converted. The Z values are set forth in Table I in 
non-dimensional form from 0 to 1 . To convert the Z value 
to a Z coordinate value, e.g., in inches, the 
non-dimensional Z value given in the table is multiplied 
by the height of airfoil in inches: The Cartesian 
coordinate system has orthogonally-related X, Y and Z 
axes and the X axis lies parallel to the turbine rotor 
centerline, i.e., the rotary axis and a positive X 
coordinate value is axial toward the aft, i.e., exhaust 
end of the turbine. The positive Y coordinate value 
extends tangentially in the direction of rotation of the 
rotor looking aft and the positive Z coordinate value is 
radially outwardly toward the bucket tip. 

[0021] By defining X and Y coordinate values at 

selected locations in a Z direction normal to the X, Y 

plane, the profile section of the bucket airfoil, e.g., 

the representative profile section 48 illustrated in 

Figure 9, at each Z distance along the length of the 

airfoil can be ascertained. By connecting the X and Y 

values with smooth continuing arcs, each profile section 

48 at each distance Z is fixed. The airfoil profiles of 

the various surface locations between the distances Z are 
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determined by smoothly connecting the accent profile 
sections 4 8 to one another to form the airfoil profile. 
Th ese values represent the airfoil profiles at ambrent, 
non-operating or non-hot conditions and are for an 
uncoated airfoil. 

[00221 The Table I values are generated and shown to 
thr ee decimal places for determining the profile of the 
airfoil. There are typical manufacturing tolerances as 
„ell as coatings which must be accounted for in the 
actual profile of the airfoil. Accordingly, the values 
for the profile given in Table 1 are for a nomrna 
airfoil It will therefore be appreciated that ± typrcal 
manufacturing tolerances, i.e., * values, including any 
eoating thicknesses, are additive to the X and Y values 
given in Table I below. Accordingly, a distance of 
+0 150 inches in a direction normal to any surface 
iocation along the airfoil profile defines an airfor 
profile envelope for this particular bucket airforl 
design and turbine, i.e., a range of variation between 
measured points on the actual airfoil surface at nomrnal 
cold or room temperature and the ideal position of those 
points as given in the Table below at the same 
temperature. The bucket airfoil design is robust to thrs 
range of variation without impairment of mechanical and 
aerodynamic functions. 

[00 23] The coordinate values given in Table I below 
provide the preferred nominal profile envelope. 
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X 




Y 




z 


-2 


.780 


-0 


.063 


0 


.000 


-2 


.694 


-0 


.126 


0 


.000 


-2 


.589 


-0 


.152 


0 


.000 


-2 


.481 


-0 


.162 


0 


.000 


-2 


.372 


-0 


.165 


0 


.000 


-2 


.264 


-0 


.163 


0 


.000 


-2 


.156 


-0 


.157 


0 


.000 


-2 


:048 


-0 


.150 


0 


.000 


-1 


.939 


-0 


.141 


0 


.000 


-1 


.831 


-0 


.132 


0 


.000 


-1 


.723 


-0 


.122 


0 


.000 


-1 


. 615 


-0 


.113 


0 


.000 


-1 


. 507 


-0 


.103 


0 


.000 


-1 


.399 


-0 


.095 


0 


.000 


-1 


.291 


-0 


.087 


0 


.000 


-1 


.183 


-0 


.080 


0 


.000 


-1 


.075 


-0 


.074 


0 


.000 


-0 


.966 


-0 


.069 


0 


.000 


-0 


.858 


-0 


.066 


0 


.000 


-0 


.749 


-0 


.063 


0 


.000 


-0 


.641 


-o 


.063 


0 


.000 


-0 


.533 


-0 


.064 


0 


.000 


-0 


.424 


-0 


.066 


0 


.000 


-0 


.316 


-o 


.070 


0 


.000 


-0 


.208 


-0 


.076 


0 


.000 


-0 


.099 


-0 


.084 


0 


.000 


0 


.009 


-0 


.093 


0 


.000 


0 


.117 


-0 


.104 


0 


.000 


0 


.224 


-0 


.117 


0 


.000 


0 


.332 


-0 


.132 


0 


.000 


0 


.439 


-0 


.148 


0 


.000 


0 


.546 


-0 


.166 


0 


.000 


0 


.653 


-0 


.186 


0 


.000 


0 


.759 


-0 


.207 


0 


.000 


0 


. 865 


-0 


.231 


0 


.000 


0 


.970 


-0 


.256 


0 


.000 


1 


.075 


-0 


.282 


0 


.000 


1 


.180 


-0 


.310 


0 


.000 


1 


.284 


-0 


.340 


0 


.000 


1 


.388 


-0 


.372 


0 


.000 


1 


.491 


-0 


.405 


0 


.000 


1 


.594 


-0 


.440 


0 


.000 


1 


.696 


-0.476 


0 


.000 


1 


.798 


-0 


.514 


0 


.000 


1 


.899 


-0 


.554 


0 


.000 



TABLE I 



X Y Z 



-2 


.661 


-0 


.052 


0. 


045 


-2 


.577 


-0 


.111 


0. 


045 


-2 


.476 


-0 


.138 


0. 


045 


-2 


.373 


-0 


.150 


0 . 


045 


-2 


.268 


-0 


.155 


0. 


045 


-2 


.164 


-0 


.155 


0. 


045 


-2 


.059 


-0 


.152 


0. 


045 


-1 


.955 


-0 


.146 


0. 


045 


-1 


.851 


-0 


.139 


0 . 


045 


-1 


.747 


-0 


.131 


0. 


045 


-1 


.642 


-0 


.123 


0. 


045 


-1 


.538 


-0 


.114 


0. 


045 


-1 


.434 


-0 


.105 


0. 


045 


-1 


.330 


-0 


.097 


0. 


045 


-1 


.226 


-0 


.089 


0. 


045 


-1 


.121 


-0 


.082 


0. 


045 


-1 


.017 


-0 


.076 


0. 


045 


-0 


.913 


-0 


.071 


0. 


045 


-0 


.808 


-0 


.068 


0. 


045 


-0 


.704 


-0 


.065 


0. 


045 


-0 


.599 


-0 


.064 


0. 


045 


-0 


.495 


-0 


.065 


0. 


045 


-0 


.390 


-0 


.067 


0. 


045 


-0 


.286 


-0 


.071 


0. 


045 


-0 


.181 


-0 


.076 


0. 


045 


-0 


.077 


-0 


.083 


0. 


045 


0 


.027 


-0 


.092 


0. 


045 


0 


.131 


-0 


.103 


0 . 


045 


0 


.235 


-0 


.115 


0. 


045 


0 


.338 


-0 


.129 


0. 


045 


0 


.442 


-0 


.145 


0. 


045 


0 


.545 


-0 


.162 


0. 


045 


0 


.647 


-0 


.181 


0. 


045 


0 


.750 


-0 


.202 


0. 


045 


0 


.852 


-0 


.224 


0. 


045 


0 


.954 


-0 


.249 


0. 


045 


1 


.055 


-0 


.274 


0. 


045 


1 


.156 


-0 


.302 


0. 


045 


1 


.256 


-0 


.331 


0. 


045 


1 


.356 


-0 


.361 


0. 


045 


1 


.456 


-0 


.393 


0. 


045 


1 


. 554 


-0 


.427 


0 . 


045 


1 


.653 


-0 


.462 


0. 


045 


1 


.751 


-0 


.499 


0: 


045 


1 


.848 


-0 


.538 


0. 


045 
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X 




Y 




z 


-2 


.556 


-0 


.037 


0 


.091 


-2 


.475 


-0 


.094 


0 


.091 


-2 


.377 


-0 


.120 


0 


.091 


-2 


.277 


-0 


.131 


0 


.091 


-2 


.176 


-0 


.136 


0 


.091 


-2 


.075 


-0 


.136 


0 


.091 


-1 


.974 


-0 


.133 


0 


.091 


-1 


.874 


-0 


.127 


0 


.091 


-1 


.773 


-0 


.121 


0 


.091 


-1 


.672 


-0 


.113 


0 


.091 


-1 


.571 


-0 


.105 


0 


.091 


-1 


.471 


-0 


.096 


0 


.091 


-1 


.370 


-0 


.088 


0 


.091 


-1 


.269 


-0 


.080 


0 


.091 


-1 


.169 


-0 


.073 


0 


.091 


-1 


.068 


-0 


.067 


0 


.091 


-0 


.967 


-0 


.062 


0 


.091 


-0 


.866 


-0 


.058 


0 


.091 


-0 


.765 


-0 


.055 


0 


.091 


-0 


.664 


-0 


.053 


0 


.091 


-0 


.563 


-0 


.053 


0 


.091- 


-0 


.462 


-o 


.054 


0 


.091 


-0 


.361 


-0 


.057 


0 


.091 


-0 


.260 


-0 


.062 


0 


.091 


-0 


.160 


-0 


.068 


0 


.091 


-0 


.059 


-0 


.076 


0 


.091 


0 


.042 


-0 


.085 


0 


.091 


0 


.142 


-0 


.097 


0 


.091 


0 


.242 


-0 


.109 


0 


.091 


0 


.342 


-0 


.124 


0 


.091 


0 


.442 


-0 


.140 


0 


.091 


0 


.541 


-0 


.158 


0 


.091 


0 


.640 


-0 


.177 


0 


.091 


0 


.739 


-0 


.198 


0 


.091 


0 


.838 


-0 


.221 


0 


.091 


0 


.936 


-o 


.245 


0 


.091 


1 


.033 


-0 


.271 


0 


.091 


1 


.131 


-0 


.298 


0 


.091 


1 


.227 


-0 


.327 


0 


.091 


1 


.324 


-0 


.357 


0 


.091 


1 


.419 


-0 


.389 


0 


.091 


1 


.515 


-0 


.422 


0 


.091 


1 


.610 


-0 


.457 


0 


.091 


1 


.704 


-0 


.494 


0 


.091 


1 


.797 


-0 


.531 


0 


.091 
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X Y Z 



1 


.999 


-0 


.595 


0 


.000 


2 


.099 


-0 


.638 


0 


.000 


2 


.198 


-0 


.682 


0 


.000 


2 


.296 


-0 


.728 


0 


.000 


2 


T 393 


-0 


.775 


0 


.000 


2 


.490 


-0. 


.825 


0 


.000 


2 


.586 


-0 


.875 


0 


.000. 


2 


.681 


-0 


.928 


0 


.000 


2 


.775 


-0 


.982 


0 


.000 


2 


.867 


-1 


.038 


0 


.000 


2 


.959 


-1 


.096 


0 


.000 


3 


.050 


-1 


.156 


0 


.000 


3 


.144 


-1 


.206 


0 


.000 


3 


.202 


-1 


.130 


0 


.000 


3 


.131 


-1 


.050 


0 


.000 


3 


.052 


-0 


.976 


0 


.000 


2 


.972 


-0 


.903 


0 


.000 


2 


.891 


-0 


.830 


0 


.000 


2 


.811 


-0 


.758 


0 


.000 


2 


.729 


-0 


.686 


0 


.000 


2 


.647 


-0 


.615 


0 


.000 


2 


.564 


-0 


.545 


0 


.000 


2 


.480 


-o 


.476 


0 


.000 


2 


.396 


-0 


.409 


0 


.000 


2 


.309 


-0 


.343 


0 


.000 


2 


.222 


-0 


.278 


0 


.000 


2 


.134 


-0 


.216 


0 


.000 


2 


.044 


-0 


.155 


0 


.000 


1 


.953 


-0 


.096 


0 


.000 


1 


.861 


-0 


. 038 


0 


.000 


1 


.768 


0 


.017 


0 


.000 


1 


.673 


0 


.070 


0 


.000 


1 


.577 


0 


.120 


0 


.000 


1 


.480 


0 


.169 


0 


.000 


1 


.382 


0 


.215 


0 


.000 


1 


.283 


0 


.259 


0 


.000 


1 


.183 


0 


.300 


0 


.000 


1 


.082 


0 


.340 


0 


.000 


0 


.980 


0 


.377 


0 


.000 


0 


.877 


0 


.411 


0 


.000 


0 


.774 


0 


.444 


0 


.000 


0 


.669 


0 


.474 


0 


.000 


0 


.565 


0 


.502 


0 


.000 


0 


.459 


0 


.528 


0 


.000 


0 


.353 


0 


.551 


0 


.000 


0 


.247 


0 


.572 


0 


.000 


0 


.140 


0 


.591 


0 


.000 


0 


.033 


0 


.607 


0 


.000 



X Y Z 



1 


.944 


-0 


.577 


0. 


045 


2 


.040 


-0 


.619 


0. 


045 


2 


.136 


-0 


.662 


0. 


045 


2 


.230 


-0. 


.706 


0. 


045 


2 


.324 


-0. 


.753 


0. 
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Y Z X Y Z 

1.488 1.000 
1.504 1.000 
1.506 1.000 

[0024] In a preferred embodiment of this fourth stage 

turbine bucket airfoil, the hub radius at the leading 
edge of the airfoil is 39.521 inches. However, the Z = 0 
coordinate value is measured from a hub radius of 40.635 
inches, i.e., at the leading edge of the airfoil. That 
is, the Z=0 coordinate value is 1.114 inches along a 
radius outwardly from the hub. The height of the airfoil 
bucket from Z=0 to Z=1.0 is 22 . 211 inches . 

[0025] It will also be appreciated that the airfoil 

disclosed in the above Table may be scaled up or down 
geometrically for use in other similar turbine designs. 
Consequently, the coordinate values set forth in Table 1 
may be scaled upwardly or downwardly such that the 
airfoil profile shape remains unchanged. A scaled 
version of the coordinates in Table 1 would be 
represented by X and Y coordinate values of Table 1, 
multiplied or divided by a constant number. Similarly, 
the Z coordinate value, when converted to inches, may 
remain the same or be multiplied by the same or a 
different number as the X and Y coordinate values for 
scalability. 

[0026] While the invention has been described in 

connection with what is presently considered to be the 

most practical and preferred embodiment, it is to be 

understood that the invention is not to be limited to the 

disclosed embodiment, but on the contrary, is intended to 

cover various modifications and equivalent arrangements 
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X 

-1.132 
-1.203 
-1.274 



Y 

1.409 
1.421 
1.419 



Z 

0.955 
0.955 
0.955 



X 

-1.123 
-1.193 
-1.265 
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included within the spirit and scope of the appended 
claims . 
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